The amount of coastal subsidence on the Sele River coastal plain has been examined and measured with local vertical land movement data. The vertical displacements, derived by satellite radar differential interferometry processing (Ps-InSAR), show that the analysed coastal sector is characterised by a southeastward decrease of vertical subsidence rates. These results have been coupled with sea-level rise (SLR) scenarios, in order to identify the most critical areas. In general, the subsidence mostly affects areas where alluvial deposits are thicker, the back-dune areas and the Sele River mouth, all late Holocene in age. Five local SLR scenarios allow identifying zones in the plain potentially prone to inundation and the shoreline retreat for the years 2065 and 2100. For these dates, 2.2% and 7.06% of the investigated area will have a topography lower than the estimated future sea level. Moreover, results show that the extent of the areas potentially exposed to inundation and erosion increases moving from south to north.
Introduction
Sea-level rise (SLR) associated with global warming is locally amplified by subsidence due to both natural and human causes (Bird, 1993; Teatini et al., 2012) . In the near future, ice melting and oceans thermal expansion will increase the exposure of coastal areas both to inundation and to erosion phenomena (Rahmstorf, 2007; Meehl et al., 2012; Schaeffer et al., 2012; IPCC, 2014) . The intensity of these events varies at regional scale as a consequence of isostatic and vertical land movements (VLMs), which influence the local relative SLR (RSLR).
Several areas around the world, including Long Beach (California, USA), Bangkok, Taipei, Tokyo, and Niigata (Milliman and Haq, 1996) and over 150 major cities Hu et al. (2004) suffer a dramatic acceleration of subsidence rates caused by both an increased exploitation of the natural resources (oil and fluid extraction, mining) and to groundwater overpumping started in the last halfcentury.
In Italy, almost all of the coastal alluvial plains are characterised by subsidence. The most significant subsiding areas are close to the Po and the Arno River plains (Baldi et al., 2009; Cenni et al., 2013) . A well-known example is represented by the historical town of Venice Antonioli et al., 2017 , which lies within a barrier island lagoon system just north of the Po River delta. Here the sinking rate is about 5 mm/year, mainly related to groundwater pumping (Brambati et al., 2003; Tosi et al., 2009; Teatini et al., 2012) .
Recently, Vilardo et al. (2009) showed that the main coastal plains located in the Campania region overlooking the Tyrrhenian Sea (Garigliano Plain, Volturno Plain, Sarno Plain, and Sele Plain, moving from northwest to southeast) are subsiding with different rates. In particular, Pappone et al. (2012) , thanks to the use of paleo-sea-level indicators within a time interval of about 5 ky, assessed the occurrence of two different behaviours of the vertical ground movements within the Sele River coastal plain: a northern sector subsiding with a mean rate of 0.4 mm/year and a relatively stable sector southwards of Sele River. In this paper, starting from these evidences, the VLMs in the Sele coastal plain have been estimated more accurately both in velocity rates and in spatial patterns by using an innovative technique of ground deformation analysis based on satellite Interferometric Synthetic Aperture Radar (InSAR) data. This technique allows updating the previous knowledge due to a high-resolution pixel-based VLMs mapping and giving evidence to regions with different ground deformation trends (subsiding, stable, and uplifting) . This approach is particularly effective in those areas where land movements are not constant in space and time but are characterised by a complex deformation pattern due to the interplay of natural and anthropic causes.
The VLMs are one of the most important factors controlling the coastal evolution. Several papers that estimate the effect of the ongoing climate changes on coastal areas use this parameter coupled with the SLR scenarios to predict the local rise of the sea and its impact in terms of coastal erosion and flooding (Aucelli et al., 2016c, among others) . In the last report of the IPCC (2014), the projections of global sea-level variations, predicted for the year 2065 and 2100, point to the Mediterranean Sea as one of the areas in the world susceptible to sea-level rising. Anyway, recent studies have shown that IPCC projections overestimate the Mediterranean Sea-level scenarios (Galassi and Spada, 2014) . For this reason, in this paper tide gauge data have also been taken into account together with Representative Concentration Pathways (RCPs) scenarios in order to compare global and regional trends.
In detail, in this paper InSAR vertical land displacement data and detailed topographic data, coupled with each scenario of SLR projections, have been used to identify zones prone to be inundated and to assess potential coastal erosion for the years 2065 and 2100.
Geologic and geomorphologic setting of the study area
The Sele River alluvial-coastal plain (Figure 1 ) formed as a result of the sedimentary aggradation in a Pliocene to Quaternary tectonic depression (named the Salerno GulfSele Plain peri-Tyrrhenian graben) (Bartole et al., 1984; Sacchi et al., 1994; Barra et al., 1998; Aucelli et al., 2012; Amato et al., 2013) . It is located along the western Tyrrhenian margin of the southern Apennine chain (Bonardi et al., 2009; Di Nocera et al., 2011; Ascione et al., 2012; Matano et al., 2014) .
The coastal plain is characterised by a flat morphology controlled by alluvial and marine processes occurred during the Quaternary. In the areas close to the present coastline, at least two dune ridge systems occur, which result to be separated by a flat, muddy, back dune depression.
The innermost dune system is related to Last Interglacial period (MIS 5, between 130 and 70 ky BP; Brancaccio et al., 1988) and it is located about 3 km from the presentday coastline, while the seaward dune system is related to the evolution of Holocene barrier-lagoon system .The latter is characterised, in the southern sector of the Sele Plain, by the occurrence of at least three orders of paleoridges, which are, moving seaward, the Laura ridge (dated from 5.3 to 3.6 ky BP), and the Sterpina I and the Sterpina II ridges (which are older than 2.6 ky BP and about 2 ky BP in age, respectively) (Brancaccio et al., 1986 (Brancaccio et al., , 1988 Barra et al., 1998 Barra et al., , 1999 Amato et al., 2012a Amato et al., , 2013 . These dune systems are welded to the Paestum travertine plateau (Amato et al., , 2013 , located in the southern sector of the plain. In the northern sector, between the Sele and Picentino River mouths, the dune system is characterised by a unique elongated beach-duneridge system, known as the Campolongo ridge . These sandy ridges constitute a discontinuous dune system with a mean height of about 3 m above sea level (a.s.l.), locally interrupted by both rivers incision (which are, from South to North, the Solofrone, the Capodifiume, the Sele, the Tusciano, and the Picentino Rivers) and man-made drainage channels. The back-ridge depressions, spread over a large area of the plain, have a mean height of about 0.50 m up to 1.5 m a.s.l. and hosted palustrine and marshy environments (Alberico et al., 2012a ) that were artificially drained in the last centuries. For these reasons, this back-ridge depression can be considered prone to be inundated (Figure 1 ).
The assessment of shoreline variations has shown that during the last 150 years the Sele Plain coastline has been affected by prevailing erosion (Cocco and De Magistris, 1988; Alberico et al., 2012a) . In fact, from 1870 to 1984 the shoreline progressively retreated, with the highest erosion rates clustered around the Sele River mouth and with a maximum rate of -4.81 m/year for the Sele River (Alberico et al., 2012a) . In detail, the coastline has been affected by erosion during the last 60 years, especially in the areas around the Sele, the Picentino, and the Tusciano River mouths (Figure 1 ). This coastal erosion has been mainly related to the decrease of river sediment supply caused by several hydraulic dams located in the catchment areas , a problem that has been encountered in other Italian coastal plains (Amorosi and Milli, 2001; Pranzini, 2001; Aucelli et al., 2009; Rosskopf and Scorpio, 2013) .
The beach system is characterised by elongated, narrow, and straight sandy beaches for a total length of about 40 km. This is a typical open, shallow water coast with backshore system characterised by a moderate gradient (6%-15%) (Di Paola et al., 2014) . In particular, the beach system between the Picentino and the Tusciano River mouths is characterised by the absence of a dune system, partially replaced by a retaining wall about 5 m high (Figure 2 -P1) . In detail, the system between the foredune and the closure depth (7.71 m) has a mean width of 566 m and a mean slope of 2.1%. The coastline stretch close to the Tusciano River mouth, instead, is characterised by a discontinuous dune system and some natural areas with an elevation of about 3-4 m (Figure 2 -P5) . In this zone, the total beach is 488 m width on average and its main slope is 2.3%. Different conditions can be found around the Sele River mouth, where the dune system is completely eroded and the foredune is cut back to the Holocene dune system (Figure 2 -P7) . Here, the distance between the foredune and the closure depth is 663 m on average and its mean gradient is 1.4%. Finally, the coastal zone between the Sele River mouth and the Agropoli headland shows a wellpreserved dune system evidenced by two dune alignments reaching 3.5 and 3 m height, respectively (Figure 2 -P9) . Here, the beach system until the closure depth is the widest in the study area (703 m on average) and has a mean slope of about 1.65% (Di Paola et al., 2014) .
Materials and methods
In order to identify the coastal zones potentially exposed to the effects of RSLR in the years 2065 and 2100, the future sea-level projections, and the rates of local VLMs, the RSLR scenarios have been assessed. The analysis has been worked out by means of geographic information systems that allow performing a basic hazard assessment and that provide the tools for maps elaboration. In the following sub-paragraphs, each step for the input data acquisition and potential coastal inundation and erosion scenarios assessment is described. The hazard maps and the extension of the potential inundated and eroded areas represent the output of the analysis.
RSLR assessment
As suggested by Nicholls et al. (1999) , Nicholls (2004) , Lambeck et al. (2011) , and Rovere et al. (2012) , the future RSLR is evaluated by taking into account two physical contributions: the local VLMs and the changes in ocean volume.
Long-term VLMs are associated with the glacio-hydroisostatic response of the earth surface and ocean floor to the unloading of ice sheets following the last glacial cycle. The consequence of ice melting is an either negative or positive isostatic rebound of the surface, whose rates vary with the latitude. Lambeck et al. (2004) have assessed the isostatic values for the entire Italian peninsula: the negative values range from −0.2 e −0.8 mm/year from North to South (Lambeck et al., 2004; Antonioli et al., 2011) . The isostatic rebound for the Sele River coastal plain is −0.44 mm/year (Lambeck et al., 2011) : its contribution is therefore very low when considering the 2065 and 2100 projections (<0.04 m), and for this reason, it has been neglected in the future sea-level predictions.
VLMs are often associated with tectonic and volcanotectonic causes, which can increase or decrease the local SLR. Alluvial coastal plains are also characterised by land subsidence mainly due to compaction of natural brackish deposits. This phenomenon has been locally enhanced during the last decades by anthropic activities, such as groundwater withdrawal and increase in load building.
Future change in ocean volume caused by global warming has been described in all the reports published by the IPCC. In the last Assessment Report (AR5), several SLR projections are provided for the years 2065 and 2100, based on different climate scenarios, defined as RCPs. In this study, the mean sea level of RCP 2.6 and RCP 8.5 scenarios, that are, respectively, the best and the worst climatic scenarios, have been used for the hazard assessment. The values are reported in Table 1 .
Moreover, in order to provide a local sea-level trend, tide-gauge measurements have been analysed. Annual and monthly tide gauge data are provided by the Italian Institute for Environmental Protection and Research (ISPRA) and are freely available from the 2001-2014 period. Following the methodological approach proposed by Klein and Lichter (2009) Figure 1 ), is 4.52 mm/year and it has been used to calculate the future local sea level (Table 1) . Being placed on the border of the Sorrento Peninsula, a carbonate massif in a tectonically stable area (Ferranti et al., 2006; Aucelli et al., 2016a, b) , STG is not affected by vertical ground movement. Nevertheless, due to the relatively short temporal period (less than 20 years), tide gauge data have been used only for the 2065 projection. 
Coastal digital elevation model
Digital elevation model (DEM) of the study area was defined by using the topographic data (elevation points and contour lines at 1:5000 scale) of the Campania Region Technical Maps published in 2000 (available from the Regione Campania website -Regione Campania, 2013).
The procedure used to elaborate the coastal DEM is based on the exploration of the elevation data to search for blunder, systematic, and random errors. The blunder errors, that are the points with very high or very low values respect to the average elevation range of the study area, were easily recognised and removed by selecting the points with elevation values either lower than 0 m or higher than 25 m, which is the typical elevation range of the onshore coastal area. On the opposite, the systematic errors were not easily detectable (Brown and Bara, 1994; Carter et al., 1994) , because they mainly correspond to irrigation networks and are probably due to an erroneous registration of elevation of these artefacts in the contour line layers. To remove them, all points located within a distance of 5 m from both sides of both the irrigation network and the irrigation lines have been selected and eliminated. The elimination of the random errors was complicated because their elevation only slightly differs from the adjacent points.
These errors were identified by analysing the spatial distribution of the elevation points, plotted in a distribution diagram available in the Geostatistical Analyst Module of ArcGIS software. The selection of the histogram and the subsequent validation of the data on the map provided the elimination of the spurious elevation points.
The DEM of the Sele River plain coastal area was so generated by using the Kriging interpolation method with a 10-m cell size resolution and a mean square error of AE0.26 m, defined by using a cross-validation method (Liu et al., 2009; Wise, 2011) .
Vertical land movements assessment
In order to obtain the recent detailed trends in local ground deformations, Synthetic Aperture Radar (SAR) images were interferometrically processed by means of PS-InSAR technique (Ferretti et al., 2001) in the framework of the TELLUS Project of the Campania Region Regione Campania, 2015a) . The spaceborn interferometric synthetic aperture radar (InSAR) technique is increasingly used to monitor ground deformation (Vilardo et al., 2009 and reference therein; Iuliano et al., 2015) . In this study, ERS-1 and ERS-2 SAR images, acquired between June 1992 and January 2001, were used to evaluate the vertical displacements rates, while RS-1 satellite SAR images, collected between March 2003 and September 2007, were used as data validation.
The Permanent Scatter (hereafter PS) data of the Tellus Project database (Regione Campania, 2015b) , referred to the Sele coastal plain areas, were selected and processed. The mean displacement rates of selected PS with coherence >0.65 were used to derive the yearly average ground deformation velocity maps in SAR coordinates for both ascending and descending orbits of both ERS1-2 and RS-1 data by inverse distance interpolation weighted method. A quadratic weighting power 2 within a 1.000-m radius neighbourhood was used to obtain 100 m regularly spaced grids, which are referenced to UTM zone 33 and to WGS-84 (Vilardo et al., 2009) .
The large number of radar scenes used for PS processing and the assumed coherence threshold value of 0.65 allowed to obtain measurements accurate to 1.0-3.0 mm for the PS movements and to within 1.0 mm/year for the PS average velocities along the line-of-sight (LOS) (Ferretti et al., 2007; Vilardo et al., 2009 Vilardo et al., , 2010 Iuliano et al., 2015) .
The availability of both ascending and descending data sets allowed us to evaluate the vertical component of the deformation for the study area, which is common to both the acquisition geometries. In order to evaluate the vertical component of the deformation, it is assumed that the ascending and descending radar LOS directions belong to the East-Z plane and the angles at which the radar looks at the surface (look-angle) are the same for both ascending and descending geometries. Based on these assumptions, simple trigonometric considerations allowed us to retrieve the vertical displacement component on pixels that are common to both ascending and descending LOS mean displacement velocity maps (Vilardo et al., 2009) , as follows:
where d is the displacement vector of an investigated PS, θ is the look-angle, d z is the projection along the Cartesian axes, and d LOSDesc and d LOSAsc are the projections along different LOSs. The vertical displacement velocity maps computed from both the ascending and the descending orbits were represented by two separate raster maps for European RemoteSensing Satellite (ERS) and Radarsat (RS) databases (VLM) referred to 100 m regularly spaced grids.
VLMs have been used to define the future topography of the area. Assuming that the displacement trends remain constant over time, the vertical rate in each InSAR cell grid (ERS values) was projected to estimate the land variation since 2001 up to 2065 and 2100, in accordance with the time intervals of sea-level scenarios provided by IPCC (2014). The projected VLM values have been added to the present-day DEM obtaining the raster models of the future topography models, through the map algebra tool in Arc GIS environment (Figure 3) . Mean square error of presentday DEM is 0.260 m, while the estimation of PS average velocity along the LOS has an accuracy of 1.0 mm/year. Therefore, maintaining unchanged the uncertainty on the InSAR measures over time, the overall 'standard error' of future DEM can be considered equal to AE0.261 m. The rates values estimated from RS data were used to validate the vertical movement trends given by ERS data and not to calculate the future DEMs, first because they were collected after the present DEM and then because there is no temporal continuity with ERS data.
Potential coastal inundation and erosion assessment
Areas located within 500 m from the coastline and/or not higher than 5 m a.s.l. (which are defined as Radius of Influence of Coastal Erosion and Flooding (RICE); EUROSION, 2004) have been analysed in order to evaluate the future inundation and erosion scenarios.
The assessment of the zones potentially exposed to inundation was worked out by comparing the future coastal topographies with the sea-level scenario by means of GIS tools (data overlay in Figure 3 ). This method is referred as 'bathtub' approach and it has been used in previous studies for regional and local flood hazard assessment (Benavente Figure 3 The flowchart shows the methodology followed for the assessment of coastal erosion and inundation hazards to future scenarios of sea-level rise. The upper section shows the inundation method analysis, while the lower one shows the erosion method. Sea levels in 2065 and 2100 are estimated from the future rising rate provided by IPCC (2014) and from present-day rising rate calculated from local tide gauge data provided by ISPRA (2015) . Vertical ground displacements are evaluated from satellite radar interferometry (InSAR) data analysis and projected in 2065 and 2100. Based on the criteria that the flood zones would have a topographic height lower than the projected sea levels, coastal zones with an elevation lower than the SLR scenario have been considered as potentially floodable areas (Mazria and Kershner, 2007; Rowley et al., 2007; Poulter et al., 2008; Pappone et al., 2012) . The inundation prone areas have been divided into four hazard classes (H_inundation): H4: areas below sea level (< 0 m a.s.l.); H3: areas between 0 and 0.5 m a.s.l.; H2: areas between 0.5 and 1 m a.s.l.; H1: areas between 1 and 5 m a.s.l. (Aucelli et al., 2016c) .
The erosion scenarios have been assessed taking into account the area stretching from the dune crest to the closure depth, hereafter named beach (sensu Masselink and Short, 1993; van Rijn et al., 2003; Krause and Soares, 2004) , that is the coastal environment deeply affected by sea-level variation. SLR triggers the erosion of near shore, and landwards and upwards migration of both the closure depth and the dune system (Figure 2 ) up to the closure depth, have been defined. In detail, the topographic profiles were obtained by using a Differential Global Position System survey (DGPS), while the submerged beach profiles were obtained by means of a singlebeam survey carried out by IAMC-CNR of Naples, covering the area extending up to the closure depth (Di Paola et al., 2014) .
Topographic profiles for the years 2065 and 2100 were drawn by summing the topographic height with the InSAR data value extracted along the present-day topographic profiles. For each future profile, the DavidsonArnott (2005) method was used to estimate the potential coastal retreats for each sea-level scenario. The model assumes that the shoreline displacement is related to tanβ as follows:
where R is the shoreline retreat, S is the RSLR, and β the slope of the profile between the dune ridge and the closure depth. A beach response index due to RSLR (I RSLR ) has been introduced as:
where R is shoreline retreat along each profile and L is the beach width.
The potential coastal erosion has been ranked into four hazard classes (H_erosion): H4: I RSLR ≥ 75 -very high; H3: 75 < I RSLR ≤ 50 -high; H2: 50 < I RSLR ≤25 -medium; and H1: I RSLR < 25 -low.
Results

VLMs and project DEMs
The vertical displacement rates derived by PS-InSAR data processing (ERS data) shows that the coastal sector of the Sele River coastal plain has been characterised by a complex vertical velocity pattern during the June 1992 to January 2001 time period; the trends are confirmed by RS data for the March 2003 to September 2007 time period.
In the northern sector of the plain, ERS data (Figure 4  (a) ) shows a 2-3-km wide continuous coastal strip, up to 18 km long, characterised by subsidence rate ranging between 3-7 mm/year and a hilly area close towards the east by a discontinuous relative uplift rate of 1-3 mm/year, evidencing a differential vertical rate of about 6-9 mm/year within few kilometres.
In the Sele River mouth area, a hot spot of subsidence, developing 5 km inland, is very evident (up to 8 mm/year), coupled with a small area with a discontinuous relative uplift rate of 1-2 mm/year, while the southward sector of the Sele River shows a general condition of stability with small subsiding areas (i.e. the Capaccio Scalo town with a subsidence rate of about 1-3 mm/year).
The vertical deformation trends of RS data are very similar to ERS ones with reference to the coastal strip. They differ from ERS rates only for the absence of the hilly uplifting sector in the northern sector and for a wider area of uplift to south-eastern sectors of the Sele River (Figure 4  (a) ). A wider sector of subsidence is also present in the northern sector of the Sele Plain.
Two examples of linked ERS and RS time series of PS displacement data are shown in Figure 4 (b). The trends exhibit seasonal and annual variations within 10 mm if referred to trend line inferred values but clearly display progressively decreasing or increasing evolutions of the VLMs inferred by PS-InSAR observations. RS trend lines usually confirm the velocity variation tendency showed by ERS trend lines.
InSAR subsidence pattern distribution is in agreement with millennial scale data inferred from the stratigraphic data evaluated in Pappone et al. (2012) , although the rate values are slightly different. Therefore, the geochronological data can be considerate as validation for the PS-InSAR values, which are used in this article as a worst subsidence rates scenario.
Based on this observation, the vertical displacement trend derived by ERS data processing have been used to 
Scenarios of inundation and erosion
The zones prone to inundation have been identified for the 2065 and 2100 years using the sea-level projections reported in Table 1 coupled with Future Digital Elevation Model (FDEM) (Figure 3 ). In particular, in Figure 6 five hazards inundation scenarios are shown, and four hazard classes (H4, H3, H2, H1) were depicted in order to identify the different degree of hazard that characterise the study area. The current sandy beaches and the lowlands located behind the dune system represent the areas that could be affected by a permanent inundation in the near future (Figure 6(e) ). These areas have a mean height ranging from 0.50 to 1.5 m a.s.l. and are mainly located in the central and northern sectors of the study area, respectively.
For the year 2065, the maximum extension of inundation zones in H4 is 1.38 km 2 (considering RCP 8.5), while for the year 2100 the inundation areas increase of 50% passing from scenario RCP 2.6 (2.89 km 2 ) to RCP 8.5 (4.64 km 2 ) ( Figure 6 and Table 2 ). STG hazard results are comparable with RCP 2.6 scenario. In Table 3 the extent of the areas in each hazard class is reported for each relative sea-level scenario, considering also the topographic error (AE0.261 m).
The potential coastal erosion evaluated for each scenario (Table 1) shows that the effect of possible future SLR could cause severe modifications in the morphology of the presentday beaches (Table 3 and Figure 7 ). In detail, the scenarios within 2065 year (Figure 7(a) ) show that there are no differences between data evaluated by RCP 2.6 (B) and STG dataset (S), with a very high to high erosion hazard level for the northern sector of the coastal plain until the P8 profile, while the southern sector has a low to medium hazard level. For the RCP 8.5 scenario (W) the whole north sector has a very high erosion hazard level, while the remaining sectors have a high to medium value of hazard. For the 2100 scenarios (Figure 7(b) ) the conditions are worst, with a very high erosion hazard level for RCP 8.5 (W) in the whole area (except for P11 profile) and very high (north sector) and medium (south sector) for RCP 2.6 (B). Table 4 shows the values of erosion that can overpass the foredune system. However, the scenarios of erosion never show an implication of the Holocene dune system, which will remain a natural barrier for the inland areas.
Discussion
The evaluation of areas potentially exposed to inundation and erosion within the Sele coastal plain has been based on a dynamic approach that takes into account the interaction between the morphology of the plain, the vertical land displacement rates, and the sea-level change. SLR scenarios, provided by IPCC (2014) and by the analysis carried out on the tide gauge data of Salerno, have been connected to subsidence rates evaluated for the Sele Plain. InSAR data played a key role in the hazard zoning because their detailed spatial resolution allows going beyond the limit of using a constant VLM rate for the entire study areas (as done in previous studies, such as Pappone et al., 2012) . The Ps-InSAR vertical displacement data shows that the coastal sector of the Sele Plain is characterised by a complex vertical displacement trends. The northern and central sectors of the Sele Plain are characterised by relative subsidence rates of about 3-7 mm/year along the coastline and a relative uplift rate of 1-3 mm/year in the hilly inland area, while the southern sector of the study area appears to be characterised by general condition of stability with minor subsiding areas. In detail, around the mouth of the Sele River, a narrow area with higher subsidence up to 8 mm/year is present. This factor played a key role in the delineation of areas exposed to both inundation and erosion, considering the available SLR future scenarios. In fact, RSLR scenarios for the years 2065 and 2100 indicate that in the near future the marine inundation hazard could become higher than the present-day condition, especially because low-lying areas extend will increase.
Based on the hypothesis that the future ground displacement rates will be in continuity with the present-day trends, the maximum extension of high-level inundation hazard (H3 and H4) will cover 6.4% of the study area in the year 2065, while for the year 2100 the H3 and H4 areas will increase reaching a value of 13.9%. These inundationprone areas are located between the Tusciano River and Sele River, in a sector where an ancient lake (Lago Grande; Alberico et al., 2012b) was present between the second half of the fifteenth century and the end of the seventeenth century.
For each RSLR scenarios, the analysis of the potential coastal erosion, instead, shows almost complete erosion of the beaches and, in several cases, a partial or complete demolition of the active dune systems. Erosion is evident mainly around the Sele and the Tusciano River mouths, where a maximum beach retreat of approximately 60 m has been evaluated. The southern portion of the plain, which extends from the Sele River mouth to the Agropoli town, is characterised by a moderate erosion, where a medium and low level of erosion is expected for RCP 2.6 2065 scenario.
The Holocene dune system is in general higher than 3 m a.s.l., constituting a topographic barrier against the inundation events and representing a natural protection for the back dune low-laying area. Nevertheless, its discontinuity The surface of the areas in H4, H3, H2, and H1 is expressed in km 2 and it is calculated on the future digital elevation models. The assessment has been car- due to the presence of several river mouths and reclamation channels and its potential demolition due to the predicted erosion could increase the susceptibility for the back-dune zones, currently subsiding, to marine inundation. The comparison of territorial changes that may occur in the next future in other Italian Tyrrhenian coastal plains, such as the Pontina plain, the Garigliano plain, and the Volturno plain (Lambeck et al., 2011; Aucelli et al., 2016c) , pointed out that in the Sele River plain the zone prone to inundation has a limited extension. Anyway, the erosion hazard will affect almost the entire coastline in all the projected scenarios, representing a serious issue for coastline. Furthermore, by comparing the method and the results of this paper with the evaluation carried out by Pappone et al. (2012) , it is possible to highlight that:
• the use of InSAR data (instead of stratigraphic data) represents a valid support for the increase of VLM data accuracy and it provides a continuous and detailed dataset of VLM rate for the entire study area; • the comparison with the STG sea-level trend allows to demonstrate that the RCP 2.6 scenario proposed by IPCC (2014) is comparable with the local trend of the SLR in the Tyrrhenian Sea; • the four classes of hazard classification of the study area allow obtaining a detailed erosion and potential inundation maps for each RSLR scenarios, suitable for a more effective coastal management strategy.
Conclusions
The amount of coastal subsidence, associated with five SLR scenarios for 2065 and 2100 years, has been used to assess the coastal inundation hazard and potential coastal erosion in the Sele Coastal Plain. Considering the RCP 8.5 scenarios, about 85% of the coastline could be affected by erosion between the 2065 and the 2100 and the area between the Tusciano River and the Sele River (12% of the study area) is highly susceptible to marine inundation. SLR trend estimated from the STG indicates that the local trend is potentially comparable with the lower IPCC scenario. Anyway, the study documents that even for relative low SLR projections (STG and RCP 2.6), the coastal erosion and marine inundation will be amplified by local subsidence, especially in the northern sector of the study area.
RSLR scenarios suggest that in the near future natural areas, beaches, human infrastructures, and wide portions of agricultural areas located in the plain will be affected by potential marine inundation, with several zones in H4 hazard inundation level (2.2% of the study area for the 2065 and 7.1% for the 2100). At the present day, a portion of these areas is already below the mean sea level, but their drainage is assured by the presence of water pumping stations and drainage channels built for the land reclamation programme at beginning of 1900. Anyway, drainage systems are effective for the present physical conditions of the area but do not guarantee their efficiency for the worst predicted water depth scenarios.
The analysis draws attention to the urgency of a vulnerability management plan that takes into account the local susceptibility of the Sele coastal plain to the possible effects of future relative sea levels. The erosional and inundation maps drawn in this work may help policymakers to develop strategies to reduce the flood and coastal erosion risk and to promote the development of a resilient society able to adapt and cope with future adverse events. Anyway, further analysis should be carried out taking into account the waves aggression due to meteorological storm surge events, which will enhance beaches erosion and the temporary flooding, especially along the subsiding coastal sectors. For these areas, two-dimensional modelling analysis that contemplates the magnitude and return periods of the storm events are required.
